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(54) METHODS FOR ESTIMATING A NUMBER OF WORKFLOW CYCLES ABLE TO BE COMPLETED 
FROM A REMAINING BATTERY CAPACITY

(57) Methods are provided for generating an estimat-
ed number of workflow cycles able to be executed with
a remaining battery capacity of a battery in a device. A
workflow cycle comprising a predefined series of tasks
of a work application executed during a defined time-
frame is defined. Beginning battery capacity is deter-
mined at start of work application execution. End battery

capacity at completion of work application execution is
determined. Battery usage estimate associated with
work application is calculated from difference between
beginning battery capacity and end battery capacity. The
estimated number of workflow cycles able to be executed
is based on the remaining battery capacity and the battery
usage estimate.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to battery-pow-
ered mobile devices, and more particularly, relates to es-
timating a number of workflow cycles able to be complet-
ed from the remaining battery capacity of a battery in the
battery-powered mobile device.

BACKGROUND

[0002] Mobile computer terminals or devices (herein-
after "mobile devices" or simply "devices") are used for
a wide variety of tasks. Such mobile devices allow work-
ers using them ("users") to maintain mobility, while pro-
viding the users with desirable computing and data gath-
ering and processing functions. One example of a spe-
cific use for a mobile device is within a product manage-
ment system that involves product distribution and track-
ing as well as product inventory management. Such sys-
tems are sometimes referred to as warehouse manage-
ment systems (WMS). In a conventional WMS system,
a large number of users (each using a mobile device) are
directed, through speech, to move throughout a ware-
house and complete various tasks, such as to pick certain
products to fill an order or to put away or replenish items
at storage locations. To that end, the mobile devices are
loaded prior to the start of each user work shift with one
or more work applications. Such work applications each
include a plurality of tasks that are to be performed by
the user in a particular workflow cycle. The work appli-
cation is then executed by the mobile device, with the
mobile device facilitating execution of the work applica-
tion. In that way, the workflow cycle is completed (more
particularly, the various tasks of the work application are
completed) and data that is associated with the work ap-
plication/workflow cycle is generated and collected.
[0003] Such mobile devices utilize portable power el-
ements, such as batteries for power. The power con-
sumption of the mobile device facilitating execution of
the work application may vary somewhat radically based
upon the work application that is being executed on the
mobile device. The load on the CPU or other processor
required by a work application may be different between
various work applications. For example, some work ap-
plications consume power in bursting spikes of high pow-
er consumption, while other work applications might con-
sume a higher consistent and average amount of power.
[0004] While the user may know the remaining battery
capacity from a fuel gauge (an exemplary battery moni-
tor) of the mobile device or another source, the current
mobile device user cannot translate the fuel gauge infor-
mation (remaining battery capacity) into the number of
workflow cycles that can be completed with the mobile
device facilitating execution of a particular work applica-
tion. Therefore, the user may unexpectedly have to
change or recharge a battery in the middle of a particular

work application or shift, if the remaining battery capacity
becomes too low or if power is lost. Recharging or chang-
ing batteries or losing power within the middle of a par-
ticular work application or shift cuts down on the efficiency
of a user, and therefore, increases the overall cost of
performing the workflow cycle.
[0005] Therefore, a need exists for methods for esti-
mating a number of workflow cycles able to be completed
from the remaining battery capacity of a battery in the
battery-powered mobile device facilitating execution of a
particular work application.

SUMMARY

[0006] Accordingly, in one aspect, the present inven-
tion embraces a method for generating an estimated
number of workflow cycles able to be executed with a
remaining battery capacity of a battery in a device. The
method comprises defining a workflow cycle comprising
a predefined series of tasks of a work application exe-
cuted during a defined timeframe. A beginning battery
capacity of a battery in the device is determined at a start
of an execution of the work application. An end battery
capacity of the battery in the device at completion of ex-
ecution of the work application is determined. The begin-
ning battery capacity and the end battery capacity com-
prise battery usage data. A battery usage estimate as-
sociated with the work application is calculated from a
difference between the beginning battery capacity and
the end battery capacity. At least one of the battery usage
data and the battery usage estimate associated with the
work application is stored. The remaining battery capac-
ity at a start of another execution of the workflow cycle
is determined. The estimated number of workflow cycles
able to be executed based on the remaining battery ca-
pacity and the battery usage estimate is calculated.
[0007] In an exemplary embodiment, a method com-
prises determining a remaining battery capacity of a bat-
tery in a battery-powered device configured to facilitate
execution of a work application in a workflow cycle. An
estimated number of the workflow cycle able to be exe-
cuted with the battery-powered device is determined by
dividing the remaining battery capacity by a battery usage
estimate associated with the work application. The esti-
mated number of the predefined workflow cycle able to
be executed is outputted.
[0008] In another exemplary embodiment, a method is
provided for providing a user of a battery-powered device
with an estimated number of a workflow cycle able to be
executed with the battery-powered device configured to
facilitate execution of a work application. The method
comprises determining a remaining battery capacity of a
battery in the battery-powered device, calculating the es-
timated number from the remaining battery capacity and
a battery usage estimate associated with the work appli-
cation, and outputting the estimated number to the user.
The estimated number comprises a quotient obtained by
dividing the remaining battery capacity by the battery us-
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age estimate.
[0009] The foregoing illustrative summary, as well as
other exemplary objectives and/or advantages of the in-
vention, and the manner in which the same are accom-
plished, are further explained within the following detailed
description and its accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

FIG. 1 is a diagrammatic illustration of an exemplary
mobile device workplace environment including
workers having mobile devices and a management
computer in communication with the mobile devices
in accordance with various embodiments of the
present invention;

FIG. 2 is a schematic diagram of exemplary compo-
nents of one of the mobile devices of FIG. 1, accord-
ing to various embodiments of the present invention;

FIG. 3 is a flow diagram illustrating a method for es-
timating a number of workflow cycles able to be com-
pleted from the remaining battery capacity of a bat-
tery in the mobile device of FIGS. 1 and 2; and

FIG. 4 is an exemplary display icon representing the
estimated number of workflow cycles able to be com-
pleted from the remaining battery capacity of the bat-
tery in the mobile device, according to various em-
bodiments of the present invention.

DETAILED DESCRIPTION

[0011] Various embodiments are directed to methods
for generating an estimated number of workflow cycles
able to be executed with a remaining battery capacity of
a battery in a mobile device (a "battery-powered mobile
device" or simply "device"). The mobile device is config-
ured to facilitate execution of a work application. As used
herein, the term "workflow cycle" comprises a defined
timeframe in which the "work application" comprising a
predefined series of tasks is executed. Therefore, the
estimated number of workflow cycles able to be executed
refers to the number of times that the work application
may be executed from beginning to end.
[0012] As noted previously, users of battery-powered
mobile devices have a difficult time translating current
battery fuel gauge information (e.g., remaining battery
capacity) into predictive workflow operation cycles. For
example, while a user may determine the percentage of
charge remaining in the battery of the mobile device (i.e.,
the remaining battery capacity) from, for example, a bat-
tery monitor, the user currently cannot determine the
number of workflow cycles that can be performed with
the remaining charge. Various embodiments generate
an estimated number of workflow cycles able to be exe-

cuted with the remaining battery capacity of the battery
in the mobile device configured to help facilitate execu-
tion of a particular work application in a single workflow
cycle. Various embodiments enable a user to know in
advance of performing the workflow cycle if the workflow
cycle can be completed (i.e., all the tasks of the particular
work application completed) with the remaining battery
capacity, and specifically how many workflow cycles
he/she can complete before power is lost or until a min-
imum power threshold is reached. Therefore, various em-
bodiments reduce the need to recharge/change a battery
within the middle of a particular work application or shift.
Various embodiments also reduce the chance of losing
power within the middle of a particular work application
or shift. Therefore, the efficiency of a user may be in-
creased, with a corresponding decrease in the overall
cost of the workflow cycle.
[0013] Referring now to FIG. 1, an exemplary mobile
device workplace environment is depicted including a
plurality of workers or users 10. As shown in FIG. 1, the
users are equipped with battery-powered portable or mo-
bile devices 20 that are in communication with a WMS
system computer or server 30 over a communication net-
work 32. Each mobile device may also be in communi-
cation with a management computer 34 that runs man-
agement software for managing the mobile device 20.
The WMS system computer or server and the manage-
ment computer 34 are well known in the art, and therefore
will not be described in any further detail here. The mobile
device may communicate with one or more of the man-
agement computers 34 for the purposes of managing
and configuring the mobile device, loading work applica-
tions onto the mobile device, managing the users that
are working with the mobile device, and providing system
diagnostics. The management computer may process
collected data. For the various embodiments discussed
herein, the mobile device is a mobile computer terminal
that utilizes speech functionality. However, the present
invention is not limited to such terminals, and will have
applicability to other mobile devices that implement spe-
cific applications using a battery.
[0014] In accordance with various embodiments of the
present invention, the mobile device is configured to fa-
cilitate execution of the work application in a workflow
cycle as noted previously. For example, in work environ-
ments (such as depicted in FIG. 1) where workers or
users wear mobile devices to receive instructions related
to tasks to be performed by the worker (such as in a
warehouse management system (WMS)), the work ap-
plication may be loaded onto the mobile devices, for ex-
ample wirelessly by an IT department or the like and up-
dated periodically. Using a speech dialog through the
mobile device and headset, a user is directed to move
around to various locations, to perform the various tasks
of the work application and to respond to inquiries using
speech. In that way, the various tasks are completed.
[0015] Each mobile device may be coupled with a suit-
able headset 36 to be worn by a user for interfacing with
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the mobile device using speech. The headset 36 includes
one or more microphones 40 that capture user speech
and one or more speakers 42 that play speech com-
mands to a user, such as to direct the user through the
plurality of tasks of the particular work application being
executed or run in the workflow cycle by the mobile de-
vice.
[0016] In addition to the speech dialog, various periph-
eral devices may be implemented and interfaced with the
mobile device, such as a barcode or RFID reader, a dis-
play, a printer, or other devices to operate in conjunction
with the speech dialog for facilitating the various work
tasks of the work application in the workflow cycle. For
example, the mobile device may be coupled with one or
more peripheral devices. For example, FIG. 1 illustrates
each of the mobile devices coupled with a portable printer
44.
[0017] Referring now to FIG. 2, according to various
embodiments, an exemplary mobile device 20 config-
ured to execute a work application in a workflow cycle is
depicted. The exemplary mobile device includes a proc-
essor 111 and memory 112, where memory 112 includes
one or more software applications 114 resident in mem-
ory 112. For example, such software applications may
comprise one or more applications configured to be ex-
ecuted by processor 111, such as the work applications
that include a series of tasks to be performed by a user
in a predefined timeframe comprising the workflow cycle.
Software applications 114 may also be configured to in-
clude battery usage data and/or battery usage estimates
as hereinafter described.
[0018] The mobile device 20 may also include one or
more I/O network interfaces 118 to transmit and receive
communications between management computer 104
and the mobile device over communication network 32.
The I/O interface 118 may also be configured to receive
input from a variety of sources including for example,
speech input from a headset microphone or scan-
ner/reader input from a barcode or RFID scanner/reader,
and also to output data or communications, such as a
text-to speech output to a headset speaker to be heard
by a user. Suitable mobile devices for implementing the
present invention are the TALKMAN® devices available
from Honeywell International, Inc.
[0019] The processor 111 of the mobile device 20 may
execute computer program code in one or more memory
112 and/or storage devices 113 of the mobile device, and
that memory may represent random access memory
(RAM) devices comprising the main storage of a compu-
ter, as well as any supplemental levels of memory, e.g.,
cache memories, non-volatile or backup memories (e.g.,
programmable or flash memories), read-only memories,
etc. In addition, a memory may be considered to include
memory storage physically located elsewhere in a com-
puter, e.g., any cache memory in a processor, as well as
any storage capacity used as a virtual memory, e.g., as
stored on a mass storage device or on another intercon-
nected computer.

[0020] Still referring to FIG. 2, in accordance with var-
ious embodiments of the present invention, the subsys-
tems in the exemplary mobile device of FIG. 3 are elec-
trically connected via a coupler (e.g., wires, traces, etc.)
to form an interconnection subsystem. The interconnec-
tion system may include power buses or lines (e.g., power
bus 140 of FIG. 2), data buses (e.g., data bus 110 of FIG.
2), instruction buses, address buses, etc., which allow
operation of the modules/subsystems and the interaction
there between. For example, FIG. 2 depicts the power
bus 140 electrically connected to a plurality of exemplary
components in the depicted exemplary mobile device
useful in the methods for estimating the number of work-
flow cycles able to be executed with a remaining battery
capacity of the battery in the mobile device configured to
facilitate execution of the work application. The power
bus 140 is depicted as connected to the processor 111,
the memory 112, storage 113, the network interface 118,
and a display 120 of the exemplary mobile device 20.
The data bus 110 connects the processor, the memory,
and storage, to the network interface 118 and the display.
The display 120 may include a graphical user interface
133. It is to be understood that there may be a fewer or
a greater number of components in the mobile device.
In addition, there may be more than one of any compo-
nent identified in FIG. 2 according to various embodi-
ments of the present invention.
[0021] Still referring to FIG. 2, the mobile device also
includes a power source, such as the battery 145 that
provides power to the processor and other electronic cir-
cuitry of the devices for their operation. The mobile device
also includes a fuel gauge (e.g., battery monitor 202)
coupled to the battery. The battery life of each mobile
device is monitored by the battery monitor 202 and man-
aged during its use so that the user knows the remaining
battery capacity of the battery in the mobile device. The
battery monitor or the like provides an indication to the
user of the existing battery life (i.e., the remaining battery
capacity) for the battery in the mobile device during ex-
ecution of the particular work application.
[0022] Referring now to FIG. 3, according to various
embodiments of the present invention, a method 100 for
generating an estimated number of workflow cycles able
to be executed with a remaining battery capacity of a
battery in the device comprises defining the work appli-
cation of a workflow cycle (step 310) (more particularly,
defining the tasks that make up the work application).
This step may be performed any time prior to executing
the work application in the workflow cycle.
[0023] Still referring to FIG. 3, according to various em-
bodiments of the present invention, the method 100 for
generating an estimated number of workflow cycles able
to be executed with a remaining battery capacity of a
battery in the device continues by determining a begin-
ning battery capacity of the battery in the mobile device
20 at a start of an execution of the work application (step
320). The beginning battery capacity, an end battery ca-
pacity, and the remaining battery capacity are deter-
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mined from the battery monitor 202 in the mobile device.
In accordance with various embodiments of the present
invention, the battery monitor 202 or the like may provide
an indication to the user of the existing battery life for the
battery in the mobile device at the start of the execution
of the particular work application (i.e., "a beginning bat-
tery capacity"). As hereinafter described, the battery
monitor or the like also provides an indication to the user
of the existing battery life at completion of execution of
the work application (the "end battery capacity"). Battery
usage is monitored, and data is collected based on the
particular work application. The beginning battery capac-
ity data and the end battery capacity data are included
in "battery usage data". Battery usage data may also in-
clude other information, such as the run-time of work ap-
plication being executed, as well as changes in operating
parameters of the battery, during execution of the work
application. In accordance with various embodiments of
the present invention, battery usage data is generated
during execution of a work application.
[0024] Still referring to FIG. 3, according to various em-
bodiments of the present invention, the method 100 for
generating an estimated number of workflow cycles able
to be executed with a remaining battery capacity of a
battery in the mobile device continues by executing the
work application in the workflow cycle (step 330). A single
workflow cycle is completed by completing execution of
the work application (i.e., by completing the predefined
tasks of the work application in the defined timeframe).
[0025] Still referring to FIG. 3, according to various em-
bodiments of the present invention, the method 100 for
generating an estimated number of workflow cycles able
to be executed with a remaining battery capacity of a
battery in the device continues by determining an end
battery capacity of the battery in the device at completion
of execution of the workflow cycle (step 340). As noted
previously, the end battery capacity can be determined
from the battery monitor.
[0026] Still referring to FIG. 3, according to various em-
bodiments of the present invention, the method 100 for
generating an estimated number of workflow cycles able
to be executed with a remaining battery capacity of a
battery in the device continues by calculating a battery
usage estimate associated with the particular work ap-
plication from a difference between the beginning battery
capacity and the end battery capacity (step 350), i.e., the
battery usage estimate comprises the difference in bat-
tery capacity at the start of execution of the work appli-
cation (the beginning battery capacity) and the battery
capacity at completion of execution of the predefined
workflow cycle (the end battery capacity). The battery
usage estimate represents the estimated power con-
sumed during execution of the particular work application
in a single workflow cycle.
[0027] As hereinafter described, in accordance with
various embodiments of the present invention, the bat-
tery usage estimate is used to estimate the number of
workflow cycles able to be completed with the remaining

battery capacity of the battery in the mobile device facil-
itating execution of the particular work application. While
the battery usage estimate may be calculated (the differ-
ence between the beginning battery capacity and the end
battery capacity) from execution of the particular work
application in a single workflow cycle, it is to be under-
stood that greater accuracy in the battery usage estimate
may be achieved from multiple executions of the partic-
ular work application over multiple workflow cycles and/or
by multiple mobile devices, i.e., the battery usage esti-
mate is best developed from a large number of uses as
previously noted, and thus, a plurality of work application
executions may be monitored, such as by the manage-
ment computer 104. The work applications may be exe-
cuted on a plurality of battery-powered devices by users
doing work and/or over a plurality of workflow cycles by
the same user or different users.
[0028] In accordance with various embodiments of the
present invention, the battery usage data (including the
beginning battery capacity and the end battery capacity)
from executing the particular work application over one
or more workflow cycles and/or from a plurality of mobile
devices executing generally the same particular work ap-
plication may be stored and aggregated and/or averaged
for the purpose of calculating the battery usage estimate,
as hereinafter described. For example, the battery usage
data for all mobile devices that are executing generally
the same work application may be aggregated and/or
averaged for calculating an average battery usage esti-
mate for a fully-charged battery executing the particular
work application. Battery usage data for a plurality of dif-
ferent devices that are each executing the work applica-
tion may be stored and aggregated and/or averaged. The
aggregated battery usage data for the various monitored
battery performance metrics are stored and associated
with a specific work application. Using that battery usage
data, the battery usage estimate is calculated, such as
by the mobile device and/or the management computer
104. The battery usage estimate is associated with the
particular work application.
[0029] The battery usage data and/or battery usage
estimate may be updated as additional battery usage da-
ta and additional battery usage estimates are generated
and collected. For example, the battery usage estimate
associated with the particular work application may be
aggregated and/or averaged over a plurality of devices
so that the battery usage estimate for the mobile devices
executing the particular work application may be deter-
mined. The battery usage estimate may be accumulated
and stored in memory and associated with the particular
work application. The battery usage estimate may be
continuously updated, as more work applications are ex-
ecuted, and more data is aggregated and/or averaged
for the particular work application.
[0030] In accordance with various embodiments of the
present invention, the battery usage estimate from one
or more executions of the particular work application may
be used for calculating the estimated number of workflow
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cycles able to be executed with the remaining battery
capacity, according to various embodiments of the
present invention. For example, the battery usage esti-
mate from one or more prior executions may be used for
the calculation, in which case the battery usage estimate
comprises an "historical battery usage estimate". The
historical battery usage estimate may be an aggregated
and/or averaged battery usage estimate.
[0031] The battery usage estimate is application-spe-
cific with respect to a monitored work application. The
battery usage estimate may be calculated using the ag-
gregated and stored battery usage data. After data has
been aggregated, a determination might be made regard-
ing whether a battery usage estimate exists for the par-
ticular work application associated with the data. If not,
a battery usage estimate might be calculated for the par-
ticular work application. If a battery usage estimate al-
ready exists, any newly-aggregated data might be used
to update that battery usage estimate.
[0032] Still referring to FIG. 3, in accordance with var-
ious embodiments of the present invention, the battery
usage estimate associated with the work application may
be adjusted to account for one or more current environ-
mental factors (i.e., to account for environmental factors
that may have changed since generation of the historical
battery usage estimate (e.g., temperature where the work
application is being executed, radio signal strength, etc.)
that may impact the battery usage estimate (step 355).
[0033] Still referring to FIG. 3, according to various em-
bodiments of the present invention, the method 100 for
generating an estimated number of workflow cycles able
to be executed with a remaining battery capacity of a
battery in the device continues by storing at least one of
the battery usage data and the battery usage estimate
associated with the work application (step 357). As noted
previously, the battery usage data may be aggregated
and/or averaged with battery usage data from other mo-
bile devices executing the same particular work applica-
tion and/or over multiple workflow cycles. Battery usage
data and/or battery usage estimates may be stored in
memory of the mobile device and/or management com-
puter 34 and may be transmitted over communication
network 32 to be loaded onto the mobile device.
[0034] As depicted in FIG. 3, steps 310 through 357
are considered part of a "learning mode" during which
time the mobile device is measuring the power consumed
while executing the particular work application in a par-
ticular workflow cycle to be able to calculate the battery
usage estimate and to store the battery usage data/bat-
tery usage estimates to be used in a "battery mode" as
hereinafter described.
[0035] In the "battery mode", as hereinafter described
and depicted in FIG. 3, the battery usage estimate from
the "learning mode" may then be retrieved and loaded
onto the mobile device that is loaded with the particular
work application for which battery usage data has been
generated and collected (step 359). Once a battery us-
age estimate is established and tied to a particular work

application, it can be implemented and loaded onto a
device each time, for each workflow cycle, that the mobile
device will be used for that particular work application.
The battery usage estimate may be loaded onto any mo-
bile device that is loaded with and will be executing that
particular work application. Based upon that loaded bat-
tery usage estimate, the estimated number of workflow
cycles able to be executed with the remaining battery
capacity of the battery in the mobile device configured to
facilitate execution of the work application may be calcu-
lated by the mobile device and/or the management com-
puter before the particular work application is executed.
Battery usage estimates may be updated and/or loaded
as desired based on the application and use of the device.
Once a battery usage estimate is loaded onto a device,
the device will operate utilizing that battery usage esti-
mate,
[0036] Still referring to FIG. 3, according to various em-
bodiments of the present invention, the method 100 for
estimating a number of workflow cycles able to be exe-
cuted with a remaining battery capacity of a battery in
the device continues by determining the remaining bat-
tery capacity at a start of execution of the particular work
application in another workflow cycle (step 360). In ac-
cordance with various embodiments of the present in-
vention, if a battery usage estimate is already available,
the method for estimating a number of workflow cycles
able to be executed with a remaining battery capacity of
a battery in the device may begin with step 360.
[0037] Still referring to FIG. 3, according to various em-
bodiments of the present invention, the method 100 for
generating an estimated number of workflow cycles able
to be executed with a remaining battery capacity of a
battery in the device continues by calculating the esti-
mated number of workflow cycles able to be executed
based on the remaining battery capacity and the battery
usage estimate (step 370). The battery usage estimate
may be from step 350 or by retrieving and loading the
stored battery usage estimate (step 359) from step 357
(storing the battery usage estimate). As noted previously,
prior to calculating the estimated number and in response
to loading of the work application on the mobile device
for execution thereof in another workflow cycle, the bat-
tery usage estimate from step 350 or from steps 357 and
359 may be used in calculating the estimated number of
workflow cycles able to be executed from the remaining
battery capacity. The estimated number of the workflow
cycles able to be executed with the battery-powered de-
vice configured to facilitate execution of the particular
work application associated with the battery usage esti-
mate may be determined by dividing the remaining bat-
tery capacity by the battery usage estimate associated
with the particular work application. The estimated
number of the predefined workflow cycles able to be ex-
ecuted with the battery-powered device comprises the
quotient obtained by dividing the remaining battery ca-
pacity with the battery usage estimate.
[0038] Still referring to FIG. 3, according to various em-
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bodiments of the present invention, the method 100 for
generating an estimated number of workflow cycles able
to be executed with a remaining battery capacity of a
battery in the device continues by outputting the estimat-
ed number (step 380). The mobile device may provide
indications to the user of the device with respect to the
estimated number of workflow cycles able to be executed
with the remaining battery capacity of the device. The
indication might be provided through the speech dialog
in a speech-based device of system. Alternatively, other
indication methods might be utilized, such as through a
graphic display, or through indicator lights or some other
appropriate manner of providing a perceptible indication
to a user of a device. For example, FIG. 4 depicts an
exemplary icon 400 with the number 27 comprising the
(exemplary) estimated number of workflow cycles able
to be completed with the remaining battery capacity of
the device. Threshold points can be set to change back-
ground color, etc. as the estimated number counts down.
For example, when the estimated number of workflow
cycles able to be executed reaches, for example 10, the
icon background color may change to yellow, and when
the estimated number of workflow cycles able to be ex-
ecuted is down to 5, the icon background color may
change to red. It is to be understood that the various
thresholds, background colors, etc., if used, may be dif-
ferent than those described herein.
[0039] Still referring to FIG. 3, according to various em-
bodiments of the present invention, the method 100 for
generating an estimated number of workflow cycles able
to be executed with a remaining battery capacity of a
battery in the device may further comprise providing an
alert if the estimated number is less than a predetermined
minimum number (step 385).
[0040] Still referring to FIG. 3, according to various em-
bodiments of the present invention, the method 100 for
generating an estimated number of workflow cycles able
to be executed with a remaining battery capacity of a
battery in the device may further comprise providing in-
structions to recharge or replace the battery if the esti-
mated number is less than a predetermined minimum
number (step 390). Steps 385 and/or 390 may be per-
formed according to various embodiments of the present
invention. The "Usage Mode" includes steps 359, and
steps 360-390. The Usage Mode includes the running
workflows and using the remaining battery capacity and
battery usage estimate to calculate the estimated number
of workflow cycles able to be executed from the remaining
battery capacity.
[0041] Still referring to FIG. 3, according to various em-
bodiments, the method 100 for generating an estimated
number of workflow cycles able to be executed with a
remaining battery capacity of a battery in the device may
further comprise generating additional battery usage da-
ta and an additional battery usage estimate when another
workflow cycle is executed by the mobile device (step
410). The battery usage estimate and/or the battery us-
age data from prior execution of one or more of the work-

flow cycles may be updated with the additional battery
usage data and the additional battery usage estimate
(step 420). The aggregated and/or averaged battery us-
age data and/or battery usage estimate may be stored
(step 357) for later retrieval and loading (step 359) in
another workflow cycle. Steps 410 and 420 may be per-
formed immediately after step 350, during steps 360
through 380, or after step 380. Steps 410 and 420 may
also be considered part of the learning mode as depicted
in FIG. 3.
[0042] From the foregoing, it is to be understood that
the application-specific battery usage estimate may be
used for a facility handling a number of different work
applications, such as a warehouse facility. Application-
specific battery usage estimates may be developed for
each of the work applications handled at such a facility
for more accurately providing the user with an estimated
number of workflow cycles able to be completed with the
remaining battery capacity of the battery used in the mo-
bile device for executing the particular work application.
[0043] The routines executed to implement the embod-
iments of the invention, including the execution of rou-
tines associated with a battery usage estimate loaded on
a device or associated with the aggregation of battery
usage data or the generation of a battery usage estimate,
whether implemented as part of an operating system or
a specific application, component, program, object, mod-
ule or sequence of instructions executed by one or more
computing systems is referred to herein as a "sequence
of operations," a "program product," or, more simply,
"program". The program typically comprises one or more
instructions that are resident at various times in various
memory and storage devices in a computing system or
device (e.g., the mobile terminal device, the management
computer, etc.), and that, when read and executed by
one or more processors of the system, cause the system
to perform the steps necessary to execute steps, ele-
ments, and/or blocks embodying the various aspects of
the invention. Furthermore, given the typically endless
number of manners in which computer programs may be
organized into routines, procedures, methods, modules,
objects, and the like, as well as the various manners in
which program functionality may be allocated among var-
ious software layers that are resident within a typical com-
puter (e.g., operating systems, libraries, APIs, applica-
tions, applets, etc.), it should be appreciated that the in-
vention is not limited to the specific organization and al-
location of program functionality described herein.
[0044] In the specification and/or figures, typical em-
bodiments of the invention have been disclosed. The
present invention is not limited to such exemplary em-
bodiments. The use of the term "and/or" includes any
and all combinations of one or more of the associated
listed items. The figures are schematic representations
and so are not necessarily drawn to scale. Unless oth-
erwise noted, specific terms have been used in a generic
and descriptive sense and not for purposes of limitation.
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Claims

1. A method for generating an estimated number of
workflow cycles able to be executed with a remaining
battery capacity of a battery in a device, the method
comprising:

defining a workflow cycle comprising a prede-
fined series of tasks of a work application exe-
cuted during a defined timeframe;
determining a beginning battery capacity of a
battery in the device at a start of an execution
of the work application;
executing the work application;
determining an end battery capacity of the bat-
tery in the device at completion of execution of
the work application, the beginning battery ca-
pacity and the end battery capacity comprising
battery usage data;
calculating a battery usage estimate associated
with the work application from a difference be-
tween the beginning battery capacity and the
end battery capacity;
storing at least one of the battery usage data
and the battery usage estimate associated with
the work application;
determining the remaining battery capacity at a
start of execution of the work application in an-
other workflow cycle;
calculating the estimated number of workflow
cycles able to be executed based on the remain-
ing battery capacity and the battery usage esti-
mate; and
outputting the estimated number.

2. The method according to claim 1, wherein determin-
ing the beginning battery capacity, the ending battery
capacity, and the remaining battery capacity com-
prises determining from a battery monitor in the de-
vice.

3. The method according to claim 1, further comprising,
prior to calculating the estimated number and in re-
sponse to loading of the work application on the de-
vice for another workflow cycle, retrieving at least
one of the battery usage data and the battery usage
estimate from a memory of the device.

4. The method according to claim 3, further comprising:

generating additional battery usage data and an
additional battery usage estimate from execut-
ing the work application in another workflow cy-
cle; and
updating the battery usage estimate and the bat-
tery usage data from prior execution of the work
application in one or more workflow cycles with
the additional battery usage data and the addi-

tional battery usage estimate.

5. The method according to claim 2, further comprising
adjusting the battery usage estimate associated with
the work application to account for one or more cur-
rent environmental factors.

6. The method according to claim 1, wherein outputting
comprises at least one of displaying the estimated
number and displaying an icon representative of the
estimated number.

7. The method according to claim 1, further comprising
providing an alert if the estimated number is less
than a predetermined minimum number.

8. The method according to claim 1, further comprising
providing instructions to recharge or replace the bat-
tery if the estimated number is less than a predeter-
mined minimum number.
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